Under adverse environmental conditions, biostimulants can help crops withstand abiotic stress while increasing productivity. We have designed a sequential system based on two different biological model organisms-the baker's yeast Saccharomyces cerevisiae and the plant Arabidopsis thaliana-to evaluate the potential as biostimulants of a battery of 11 different natural extracts on a blind-test basis. Firstly, yeast assays consist in a drop test in solid medium, and a BioScreen ® test with liquid cultures. The method is completed with two plant assays to assess effects on germination and growth. The designed method provided relevant data on the ability of each extract to promote biomass accumulation under normal conditions and in the presence of abiotic stresses, such as drought, salinity, or cold. Besides, this laboratory-based method allowed to assess the potential toxicity or unsuspected deleterious effect of each extract in a short period of time (six months) with low budget and space requirements. We could also test the effects of the biostimulants during germination, vegetative, and reproductive growth, under normal and stressed conditions. As each product is tested on different organisms at different developmental stages, we could get some preliminary information on the mode of action. This method enables a fast screen of many different products, in order to select potential candidates to be marketed as biostimulants, avoiding long and expensive field tests with previously uncharacterized products.
Introduction
The amount of arable land is limited so to obtain a higher food supply for a growing population. Therefore, we must increase the yield per area of already cultivated land, as well as the tolerance to drought and other abiotic stresses [1] . With this goal in mind, biofertilizers and biostimulants have been proposed as a potential solution to stimulate plant growth, increase yield, reduce the abiotic stress impact, and decrease the fertilizer and pesticide dependence [2] .
The concept of biostimulants are still under discussion. The "biogenic stimulation" was first proposed by Filatov [3] , but there is not a consensus definition yet. In a recent report, Yakhin et al. depicted chronologically the different definitions and proposed the following consensus for biostimulants: "A formulated product of biological origin that improves plant productivity as a consequence of the novel or emergent properties of the complex of constituents and not as a sole consequence of the presence of known essential plant nutrients, plant growth regulators, or plant protective compounds" [4] . More recently, additional reports addressed this question [5, 6] .
In this report, we describe how by using these two model organisms we can perform functional laboratory-based blind tests to characterize the biostimulant capacity of extracts from natural products in a cheap and fast manner.
Materials and Methods

Candidate Biostimulants
In this study, 11 candidate products were tested for biostimulant activity and were provided by the company Agrométodos S.A. The description of the products can be found in Table 1 , although the experiments were performed as blind tests, so product composition was unknown to experimenters. Nevertheless, all products are derived from natural extracts and its composition, in the case that a biological stimulation effect is determined, would be in agreement with the biostimulant definition of Yakhin et al. [4] . The concentration is indicated in each case as weight/volume or volume/volume.
Experimental Setup
The working hypothesis for this report is that we can detect a biostimulant effect under normal or abiotic stress conditions of a previously uncharacterized product by using yeast and Arabidopsis in a sequential manner. The laboratory-based method was designed for a sequential system, based on two different biological model systems: the baker's yeast S. cerevisiae and the plant model system A. thaliana.
First, the yeast assays consisted in a drop test in solid yeast extract Peptone Dextrose (YPD) medium performed under normal growth condition without abiotic stress to determine the toxic dose of the products and the possible biostimulant effect in yeast. A subsequent second yeast drop test was carried out under abiotic stress conditions (osmotic, salt, and cold stress) by using non-toxic dose of each product. Afterwards, a BioScreen ® (Oy Growth Curves Ab Ltd., Helsinki, Finland) assay was performed with yeast liquid cultures in microtiter plates, under normal conditions, and abiotic stresses, to evaluate whether or not the biostimulant effect of the product was exerted during the exponential phase and/or affects growth speed.
The plant assays were performed to evaluate effect of each product on germination and plant growth under normal conditions and abiotic stresses. Percentages of seedlings with green expanded cotyledons were recorded with different doses of each product. Mass accumulation and percentage of flowering plants were recorded in plantlets for three weeks. A flowchart of the method can be found as graphical abstract.
Drop Test Yeast Assays
The drop test assays were performed as indicated in [27] . All assays where performed in a solid YPD medium, a nutrient-rich medium (1% yeast extract, 2% bacteriological peptone, 2% glucose, and 2% agar in distilled water). Drop tests were performed by growing wild-type Saccharomyces cerevisiae strain BY4741 (MATa his3∆1 leu2∆0 met15∆0 ura3∆0) [28] cells until saturation in YPD medium. Cell cultures were then diluted 1:10, 1:100, and 1:1000, and spotted onto plates of YPD medium containing NaCl, LiCl, or Sorbitol. The products assayed were added after autoclaving but prior to gelification; growth was recorded after four to five days. Cold stress was applied by exposing YPD plates to 10 • C for four weeks. Three independent complete experiments, each using a different plate and three biological replicates per plate, were performed with similar results.
BioScreen ® Assays
Yeast liquid cultures were grown until saturation in liquid YPD medium (as described before, but without 2% agar), then diluted to an initial OD 600 of 0.01 in YPD medium containing the indicated biostimulant and the indicated stress. Growth was monitored in microtiter plates using the BioScreen ® C microbiological workstation with automatic recording of OD 600 every 30 min. Each point represents the mean of three replicates, with SE < 2% in most cases (error bars are not shown for clarity). The experiment was reproduced independently three times with similar results.
Plant Assays
A detailed description of plant assays can be found in [29] . For in vitro culture, seeds were surface-sterilized with commercial bleach and rinsed with sterile water. The MS solid medium contained 0.8% phytoagar, Murashige and Skoog (MS) basal salt mixture (0.4%; Sigma, Saint Louis, MO, USA), sucrose (1%), and 10 mM MES (2-(N-morpholino) ethanesulfonic acid) buffer, adjusted to pH 5.5 with Tris base (tris(hydroxymethyl)aminomethane). Stratification was performed over three days at 4 • C. Then, plates were grown under long-day chamber conditions (16 h light/8 h dark, 23 • C, 130 µE m −2 s −1 , 70% relative humidity). When indicated, the medium was supplemented with NaCl, LiCl or mannitol, as indicated in each case. Germination was scored after four or five days, except for cold, where plants were grown at 10 • C and germination was scored after 10 days. For growth in liquid culture, the MS medium was prepared without phytoagar and plants were grown in six-well Cellstar plates (Greiner). Each well contained 7 mL of the medium and three seedlings that had been previously cultivated for six days in an MS solid medium without stress nor biostimulant and then transferred to the liquid medium with the indicated additive (stress and/or biostimulant). Plates were incubated with shaking (100 rev/min).
Results
Determination of the Toxic Dose of the Products
All the experiments were designed as blind-tests. Thus, we did not have any information on the composition of the products, which was provided during the elaboration of the manuscript (Table 1) . The first assay consisted in determining the toxic concentration for yeast of the given products. We prepared several series of YPD plates containing different concentration of every product (from 5% concentration (weight/volume) to 0.005%). Three repetitions were made per product and concentration. These experiments allowed for the determination of the maximum concentration at which the addition of the biostimulant did not negatively affect yeast growth. The obtained concentrations have been applied in subsequent experiments. A representative experiment is shown in Figure 1A ; total data are summarized in Figure 1B . According to these results, we assayed the biostimulant effect in yeast with a 0.5% concentration, except for products (P) P2, P5, P6, P8, and P10, in which we have used a 0.05% concentration. We did not observe that any of the products enhanced the growth when compared to the medium without any additive and without stress, so none of the products had a biostimulant effect on yeast growth under normal conditions. responses are controlled by different signaling pathways. We tested in parallel lithium chloride as lithium is toxic at lower concentrations, so the osmotic effect is negligible and the deleterious effect for yeast is due to the toxicity of lithium cations. We also tested cold stress by growing the plates at 10 °C, a temperature in which yeast is able to grow, but only at a slow rate [30] . Results are summarized in Figure 1C . Products 6 and 11 increased yeast growth in a medium that contained LiCl; products 6, 8, 9, and 11 increased growth under cold stress. 
Determination of the Biostimulant Effect in Yeast
Once we determined that none of the products was enhancing growth under normal conditions, we wanted to test whether the products had a biostimulant effect under abiotic stress. We performed drop test experiments in medium with sorbitol, a polyalcohol which increases the osmotic potential of Agronomy 2019, 9, 143 6 of 16 the medium, and therefore induces osmotic stress similar to what happens to plants under drought conditions [15] . We tested the effect of the extracts under salt stress using lithium and sodium. Yeast can grow in sodium concentrations higher than 1 M. At these concentrations, yeast has to cope with the toxic effect of sodium cations, but also with the osmotic effect. At the molecular level, both responses are controlled by different signaling pathways. We tested in parallel lithium chloride as lithium is toxic at lower concentrations, so the osmotic effect is negligible and the deleterious effect for yeast is due to the toxicity of lithium cations. We also tested cold stress by growing the plates at 10 • C, a temperature in which yeast is able to grow, but only at a slow rate [30] . Results are summarized in Figure 1C . Products 6 and 11 increased yeast growth in a medium that contained LiCl; products 6, 8, 9, and 11 increased growth under cold stress.
Evaluation of the Biostimulant Effect of the Different Product in Yeast Under Continuous Growth
A yeast drop test assay can provide information in a short time, but has several limitations. Growth of Saccharomyces cerevisiae presents two separate phases. In a nutrient rich medium growth (measured as an increase in optical density) follows an exponential pattern, while in a nutrient depleted medium or in the presence of stress, cells enter the stationary phase. Yeast metabolism and stress response is different in these two phases. A drop test assay focuses on continuous growth in solid media and renders a final state result. When growing in solid medium the majority of yeast cells are in the stationary phase, as the effective growth occurs mostly in the borders of the colony. If the biostimulant exerts its effect during the exponential growth phase the effect may be underestimated.
Another limitation of a drop test assay is that it is difficult to quantify; its results are qualitative rather than quantitative. To gain more information, we assayed the effect of the different products under continuous growth, measured as an increase in the optical density at 600 nm by using a BioScreen ® equipment, which measures turbidity from cells growing in a 96-well microplate. This has several advantages. If the biostimulant only affects the exponential phase, but not the stationary phase, no effect will be seen in a drop test assay. Another advantage of a BioScreen ® test is that if the biostimulant enhances growth speed, but not total yield, we can recover quantitative data from the growth curve, using time and optical density as parameters and measure the effect. A higher final value of the growth curve in the Y axis means higher yeast yield, as the final optical density is higher. A more pronounced slope means fastest growth. In normal growth conditions (YPD without stress) biostimulant had little effect and differences in the final yield where not significant (Figure 2A) . In a medium containing 0.15 M of LiCl P1, P2, and P3, there was an increased yield average of 130%, 30%, and 154%, respectively, as well as an increased growth rate ( Figure 2B ). In a medium with NaCl P1, there was an increased yield average of 540%, P3 1200%, and P11 200%. The other products did not enhance yield or even have a deleterious effect ( Figure 2C ). Finally, for osmotic stress induced by sorbitol P3 increased yield by 25%, P4 by 35%, and P6 by 50%. In addition, all of these products increased the growth rate ( Figure 2D ). Liquid cell cultures were grown until saturation in YPD liquid medium, then diluted to an initial OD 600 of 0.01 in fresh YPD medium containing 0.5% of bioproduct (for products 1, 3, 4, 7, 9, and 11) or 0.05% (for products 2, 5, 6, 8, and 10). Products are defined in Table 1 , although experiments were The results of our first and second round of screening using yeast as a model system is that we have detected some biostimulant effect for P6, P8, P9, and P11 in drop test assays and for P1, P2, P3, and P4 in BioScreen ® assays. P6 and P11 increased resistance to stress in drop tests and BioScreen ® assays. None of them promoted yeast growth in the absence of stress. At this stage, we could have discarded the products that were not conferring any tolerance (P5 and P7) but to perform a better validation of the proposed system we undertook the study in the plant model system Arabidopsis thaliana with all the tested products.
Biostimulant Effect of the Tested Products in Arabidopsis Germination and Early Development
The first experiment in the plant model system Arabidopsis thaliana consisted of determining the non-toxic concentrations of products for Arabidopsis thaliana germination and early development. The starting concentrations was 5% (w/v) of the biostimulant, decreasing sequentially to 2.5%, 0.5%, 0.25%, 0.05%, or until no deleterious effect in growth was detected. The figures represent the significant thresholds of concentration (Figure 3) . Product 4 exhibits a biostimulant effect for the induction of germination in normal conditions without stress and is able to increase germination and development of green cotyledons by 25% after three days ( Figure 3D ). According to these results, experiments in Arabidopsis thaliana were performed in 0.5% (v/v) for P2, P3, P4, P6, and P11, and 0.05% for P1, P5, P7, P8, P9, and P10.
After determining the working concentration in which we do not observe any deleterious effect for each of the tested products, we evaluated the effect of every product in germination and early development under stress conditions as described in the materials and methods section. Under cold conditions, P5 and P10 induced an improvement of 30% at seven days ( Figure 4A ). Under NaCl stress, P2 showed a 300% increase in germination and early development, although at longer times development was worse than the control. P4 was increasing early development by 100% after eight days and by 24% after 15 days, therefore accelerating early development, as the increase was sustained in time. P6, P8, and P11 were inducing a significant increase in germination and early development that was observable after eight days ( Figure 4C ). In stress induced by LiCl or Mannitol, we could not detect any statistically significant effect ( Figure 4B,D) . Agronomy 2019, 9, x FOR PEER REVIEW 10 of 16 product 3; (D) product 4, (E) product 5; (F) product 6; (G) product 7; (H) product 8; (I) product 9; (J) product 10; and (K) product 11. ** p < 0.01 by Student's test for increased germination and early development compared to the control. . Statistical data from three experiments performed as described in materials and methods are presented. * p < 0.05 by for increased germination and early development compared to the control; ** p < 0.01 by Student's tests for increased germination and early development compared to the control.
Biostimulant Effect of the Tested Products in Mass Accumulation
Germination and early development are particular plant physiological stages. A product could have a measurable biostimulant effect during germination or early development, but the same product may not be effective during vegetative growth or vice versa. To assess the effect of a given biostimulant during growth, we germinated Arabidopsis thaliana in MS agar without stress nor any biostimulant and then transferred the plantlets to a six well plate (three plantlets per well) and determined fresh weight and dry weight after three weeks. In a liquid medium without added stress, the addition of P4 to the medium induced a fresh weight gain of about 26% and P9 of about 8%. Regarding dry weight, P4 induced an increase of dry weight of about 30%; P7 and P9 a similar increase of about 15% ( Figure 5A) .
In addition, we tested the effect of different bioproducts during continuous growth in a liquid MS medium in the presence of salt or osmotic stress induced by NaCl, LiCl, or Mannitol. Product 3 gives an improvement in medium with LiCl of more than 500% of fresh weight ( Figure 5B ). In stress induced by NaCl, P4 induces an increase of fresh and dry weight of about 100% ( Figure 5C ). Finally, in mannitol containing a medium of only P6, it induced an increase in fresh weight of about 60%. However, we could not observe any increase in dry weight when comparing to control plants ( Figure 5D ).
Further, we investigated the biostimulant effect of the 11 products. We have shown that some of the tested products increased the mass accumulation. Another expected effect of a biostimulant is to accelerate development, which can induce an early flowering. Even though plants were growing in liquid media, some of them did not develop until the flowering stage. In the presence of stress, the number of flowering plants was negligible, but in standard MS medium in the presence of the different products, we could observe that the number of flowering plants was different depending on the biostimulant present in the growth medium. Specifically, in the presence of products 3, 4, 5, 6, and 9 plants were flowering earlier than control plants ( Figure 6 ). Agronomy 2019, 9, x FOR PEER REVIEW 12 of 16 Figure 5 . Determination of the effect of the different products for mass accumulation in the presence of stress. The fresh weight (upper panels, green bars) and the dry weight (lower panels, red bars) under (A) MS standard medium; (B) salt stress induced by 15 mM LiCl; (C) salt stress induced by 140 mM NaCl; and (D) osmotic stress induced by 280 mM mannitol. Statistical data from three experiments (n = 36 for each experiment) performed as described in materials and methods are presented. Bars represent standard error. * p < 0.05 by Student's tests respect increased weight compared to the control; ** p < 0.01 by Student's tests respect increased weight compared to the control.
Further, we investigated the biostimulant effect of the 11 products. We have shown that some of the tested products increased the mass accumulation. Another expected effect of a biostimulant is to accelerate development, which can induce an early flowering. Even though plants were growing in liquid media, some of them did not develop until the flowering stage. In the presence of stress, the number of flowering plants was negligible, but in standard MS medium in the presence of the different products, we could observe that the number of flowering plants was different depending on the biostimulant present in the growth medium. Specifically, in the presence of products 3, 4, 5, 6, and 9 plants were flowering earlier than control plants ( Figure 6 ). 
Discussion
In this report, we describe a method that allows a fast screening of different biostimulants. All the experimentation can be performed in a six-month period with a reduced cost and without requirement of field tests. By doing the first screening in yeast, we took advantage of the fact that yeast grows fast and we could test different conditions in conjunction with a low space requirement. Yeast experiments can be performed within a one to two-month time period. Yeast ion homeostasis is similar to plants [16] and most of the mechanisms related to salt stress are conserved. In fact, in the yeast screening, we detected the biostimulant effect under salt stress of products 1, 2, 3, 4, 6, 8, 9, and 11. Using our methodology, the effect of P4, P6, and P9 on plant development was also assessed and we were able to quantify it, confirming the validity of our approach. On the other hand, P4 increased growth without stress and also increased germination and yield under stress, inducing early flowering. We performed all the assays as a blind test, without any information of the identity of the products. P4 is chitosan, an alkaline extract of crustacean shells. Chemically chitosan is a linear polysaccharide composed of randomly distributed β-(1→4) D-glucosamine and N-acetyl-Dglucosamine. There is published evidence confirming its role as a biostimulant and its ability to induce abiotic and biotic stress tolerance in various crops. Thus, P4 is an internal positive control which confirms the validity of our experimental approach [31] .
A recent review suggested that a biostimulant investigation should focus upon finding proof of efficacy and safety and the determination of a broad mechanism of action, without a requirement for the determination of a specific mode of action [19] . The method we present here allows an inference on the broad mechanism of action. There are reports in the literature that descrive biostimulants that increase potassium uptake. For instance, Saa et al. described a biostimulant derived from seaweed that increases potassium uptake (measured as rubidium uptake) and is effective under low potassium concentration in almond [32] . The P3 product, an extract from a seaweed (knotted kelp; Ascophyllum nodosum) increased growth in yeast and plants. Therefore, it is likely to affect a conserved process such as potassium uptake, further confirming the validity of our system.
In other cases, the effect observed in yeast is not conserved in plants. For instance, P1 (an extract from strawberry plants) stimulates yeast's continuous growth in in the presence of LiCl and NaCl. It has been described that the biostimulant effect can be exerted on the endophytic or non-endophytic bacteria, yeast, and fungi [25] . 
In this report, we describe a method that allows a fast screening of different biostimulants. All the experimentation can be performed in a six-month period with a reduced cost and without requirement of field tests. By doing the first screening in yeast, we took advantage of the fact that yeast grows fast and we could test different conditions in conjunction with a low space requirement. Yeast experiments can be performed within a one to two-month time period. Yeast ion homeostasis is similar to plants [16] and most of the mechanisms related to salt stress are conserved. In fact, in the yeast screening, we detected the biostimulant effect under salt stress of products 1, 2, 3, 4, 6, 8, 9, and 11. Using our methodology, the effect of P4, P6, and P9 on plant development was also assessed and we were able to quantify it, confirming the validity of our approach. On the other hand, P4 increased growth without stress and also increased germination and yield under stress, inducing early flowering. We performed all the assays as a blind test, without any information of the identity of the products. P4 is chitosan, an alkaline extract of crustacean shells. Chemically chitosan is a linear polysaccharide composed of randomly distributed β-(1→4) D-glucosamine and N-acetyl-D-glucosamine. There is published evidence confirming its role as a biostimulant and its ability to induce abiotic and biotic stress tolerance in various crops. Thus, P4 is an internal positive control which confirms the validity of our experimental approach [31] .
A recent review suggested that a biostimulant investigation should focus upon finding proof of efficacy and safety and the determination of a broad mechanism of action, without a requirement for the determination of a specific mode of action [19] . The method we present here allows an inference on the broad mechanism of action. There are reports in the literature that descrive biostimulants that increase potassium uptake. For instance, Saa et al. described a biostimulant derived from seaweed that increases potassium uptake (measured as rubidium uptake) and is effective under low potassium concentration in almond [32] . The P3 product, an extract from a seaweed (knotted kelp; Ascophyllum nodosum) increased growth in yeast and plants. Therefore, it is likely to affect a conserved process such as potassium uptake, further confirming the validity of our system. In other cases, the effect observed in yeast is not conserved in plants. For instance, P1 (an extract from strawberry plants) stimulates yeast's continuous growth in in the presence of LiCl and NaCl. It has been described that the biostimulant effect can be exerted on the endophytic or non-endophytic bacteria, yeast, and fungi [25] .
There were also some products in which we have not been able to detect any remarkable effect in yeast, but presented effect in plants. For instance, in P4 (an extract from chitosan) we detected a deleterious effect in drop tests and only a biostimulant effect on continuous growth in yeast under osmotic stress. However, it presented a strong effect in germination and yield in plants. This may indicate that these products affect plant stress or plant growth response pathways, which are not conserved in yeast.
Under cold conditions, we have obtained disparate results between yeast and plants. Due to technical limitations, we could not measure the effect of cold during continuous growth. However, products with an increasing cold tolerance in a drop test (P6, P8, and P11) are different than those increasing germination and early development in plants (P5 and P9). Cold stress, among other effects, slows the rate of enzymatic reactions and affects membrane fluidity. In yeast, it is known that the most affected processes by cold stress are tryptophan and phosphate uptake [30] . We used a yeast strain that does not require external tryptophan supplementation and tryptophan biosynthesis is similar in plants and yeast. Therefore, the observed differences were probably attributed to physiological differences in phosphate uptake and metabolism between yeast and plants.
Moreover, it is important to remark that for some products we observed deleterious effects. For instance, P7 and P8 in the presence of stress proved to be toxic for plants ( Figure 5 ). Another advantage of our method is that toxicity or adverse effects are also easily detected and products can be discarded at early stages, avoiding subsequent analysis. There are other protocols in the literature to evaluate biostimulants [21] , which focus on transcriptome profiling and field test. Our method, although perfectly compatible with such methods, has the advantage of being cheaper and faster, and based on functionality. Our method allows for a fast preliminary screening to detect functional formulations, which may later undergo field trials or molecular assays such as transcriptome profiling, saving budget and time.
Another advantage of our method is related to a general problem of the biostimulant industry: the standardization of the protocols. As biostimulants are derived from natural products there may be differences in the final composition among different stocks of the same product and functionality may change. A yeast drop test assay or a BioScreen ® assay is easily standardized and reproducible and can be completed in three to four days. This kind of test can be used to check and quantify the functionality of different stocks. We have performed this test routinely during this project, which has allowed us to discard nonfunctional stocks (i.e., stocks which were not reproducing the previously observed phenotypes) and avoiding methodological errors.
Conclusions
By using this method, we have been able to evaluate 11 different products in a short time with low budget and technical requirements. The method also provided preliminary information on the mode of action of the evaluated products, evaluating the effect in two different systems under different conditions of abiotic stress and at different developmental stages. The main advantage is that the presented methodology allows for a fast and cheap screening for bioactive compounds and therefore products without biological effect can be discarded at early stages, avoiding subsequent tests that may be long and expensive. Therefore, this report provides a new and useful tool for the biostimulant community, both industrial and academic.
